Abstract Using data on health checkups performed in one Japanese town, we investigated the effect on health checkups of the methods used to measure hemoglobin A1c (HbA1c). The study included 337 participants undergoing health checkups at two facilities. At facility 1, HbA1c was measured by high-performance liquid chromatography (HPLC) in 2012 and by immunoassay (IA) in 2013, while at facility 2, HbA1c was measured by HPLC in both years. At facility 1, the mean HbA1c was significantly decreased from 2012 to 2013 (5.83 vs 5.50 %, respectively; P \ 0.001), although the mean fasting plasma glucose (FPG) was significantly increased from 2012 to 2013 (91.7 vs 95.2 mg/dL, respectively; P = 0.02). Of the 202 participants at facility 1, 97 who had an HbA1c of C5.6 % in 2012 had an HbA1c of \5.6 % in 2013. At facility 2, the mean HbA1c marginally increased, while there were similar FPG levels in both years. An additional study of single blood samples from 27 healthy participants who were tested at the same facility using both HPLC and IA found that the mean HbA1c was significantly lower for IA than for HPLC (5.19 vs 5.50 %, respectively; P \ 0.001). In summary, we found a substantial decrease in the mean HbA1c and the prevalence of impaired glucose tolerance and diabetes mellitus in study participants who underwent health checkups for two consecutive years when different methods were used to measure HbA1c. The lack of standardization of HbA1c measurement methods may have a large effect on health checkups.
Introduction
Glycated hemoglobin [i.e., hemoglobin A1c (HbA1c)] is widely used to monitor glycemic control in patients with diabetes mellitus (DM), mainly to prevent diabetic complications [1] . HbA1c levels provide treating physicians with the mean glycemic control of DM patients over the 2-3 months previous to measurement [2, 3] . In Japan, HbA1c is also used as a screening tool for identifying patients with DM and impaired glucose tolerance (i.e., borderline DM) at health checkups [4] . Health checkups are mandatory for all Japanese residents aged 40-74 years, and focus on abdominal obesity and associated metabolic disorders, including DM, because of a new healthcare access law for the elderly [5, 6] .
High-performance liquid chromatography (HPLC) is a standard commercially available method for measuring HbA1c in Japan. However, an immunoassay (IA) and other methods that can measure HbA1c more rapidly and less expensively than HPLC [7] have been developed [7] . IA is now being used more frequently by clinical laboratories throughout Japan to meet the dramatically increased demand for HbA1c tests to screen for DM at the health checkups that a large number of people undergo on any given day [8] .
HPLC and IA methods are quite different analytical techniques, and some but not all reports have indicated that IA provides slightly lower HbA1c values than HPLC [7, [9] [10] [11] [12] . This possible discrepancy may be somewhat acceptable at a clinical practice where physicians treat previously diagnosed DM patients. However, it is unclear whether the possibly discrepant results between IA and HPLC are acceptable for health checkups that are conducted to assess the health of apparently healthy people and for epidemiologic studies. The aim of our study was to investigate this issue at health checkup facilities using different methods to measure HbA1c.
Methods
The study consisted of longitudinal observations for two consecutive years, 2012 and 2013. It included participants aged 40-74 years who were residents of a single town with a population of approximately 7000 people of all ages in Hokkaido, Japan. The participants were enrolled in the National Health Insurance scheme. In general, all Japanese residents are required to enroll in one of three insurance groups, with the eligibility for each group depending on the individual's age and occupation (i.e., ''health insurance for all'') [13, 14] . All residents 75 years of age or older are enrolled in the Advanced Elderly Medical Service (coverage rate 12 %), while those 74 years of age or younger are enrolled in either the Employee's Health Insurance scheme (58 %) or the National Health Insurance scheme (30 %), based on their occupation [13] . The Employee's Health Insurance scheme covers employees and their dependents, while the National Health Insurance scheme covers the remaining population, including self-employed individuals (e.g., farmers and fishermen) and retirees and their dependents. The Employee's Health Insurance and National Health Insurance schemes provide annual health checkups for beneficiaries aged 40-74 years, with the objective of screening for metabolic syndrome [5, 6] . In the target town investigated in our study, National Health Insurance beneficiaries were encouraged to undergo an annual health checkup at one of three examination facilities. Health checkup data were obtained from the two examination facilities (facilities 1 and 2) that accounted for 95 % or more of the beneficiaries undergoing annual health checkups. The data were anonymized to remove all matching links to personal data.
A total of 337 beneficiaries who underwent health checkups at the same facility for the two consecutive years (202 beneficiaries at facility 1 and 135 beneficiaries at facility 2) were included in the primary analysis, with four beneficiaries lacking data on fasting plasma glucose (FPG).
The body weight and height of each participant were measured, and the body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters. Fasting blood samples were obtained after an overnight fast to measure HbA1c and FPG levels. At facility 1, HbA1c was measured by HPLC in 2012 and by IA in 2013, while at facility 2, HPLC was used to measure HbA1c in both years. Both facilities had their own HPLC analyzer. Quality control of the HbA1c measurements was performed using the standard certified by the Japan Diabetes Society (JDS). The HbA1c values were converted to the values of the National Glycohemoglobin Standardization Program (NGSP) using the formula provided by the JDS: HbA1c (NGSP) (%) = 1.02 9 HbA1c (JDS) (%) ? 0.25 [15] . FPG was measured enzymatically at each facility.
Because the FPG data showed a skewed distribution, the FPG data were normalized by natural logarithmic transformation for analysis. The unpaired t test or chi-square test was used to compare the study participants' demographics and measured parameters from facilities 1 and 2 within each year. The paired t test or McNemar test was used to compare the participants' characteristics between the years of 2012 and 2013 within each facility. The repeated-measures analysis of variance was used to test whether the one-year change in log-transformed FPG and HbA1c differed between the two facilities. Furthermore, the Bowker symmetry test was used to compare the distributions of participants classified into subgroups of FPG and HbA1c between 2012 and 2013 within each facility. HbA1c was categorized into the following four subgroups: \5.6, 5.6-5.9, 6.0-6.4, and C6.5 % [4] . FPG was categorized into the following four subgroups: \100, 100-109, 110-125, and C126 mg/dL [4] . Normal glucose tolerance was defined as FPG \ 100 mg/dL and HbA1c \ 5.6 %, while DM was defined as FPG C 126 mg/dL and/or HbA1c C 6.5 %. A sensitivity analysis was conducted after excluding participants who were taking medication for DM in 2012 and/or 2013.
All statistical analyses were performed using JMP Pro 11.1.1 software for the Mac (SAS Institute Inc., Cary, NC, USA). The significance level was set at P \ 0.05.
Additional study
Although facility 1 determined the HbA1c values by HPLC and IA for each study participant, each value was measured in separate specimens for each year. Therefore, we performed an additional investigation of the differences in HbA1c values measured by the two methods at facility 1 on the same blood specimen. In April 2015, the participants of this additional study were recruited from employees who worked at our university departments in Sapporo, Hokkaido, Japan. The study included 27 healthy participants (7 men and 20 women) aged between 20 and 59 years without a history of DM. Informed consent was obtained from all the participants. In order to protect their privacy, their names were deleted from the data.
Fasting blood samples were obtained by cubital venipuncture after an overnight fast of at least 10 h. The samples were transported to the laboratory of facility 1. HbA1c was measured by HPLC using an automated analyzer (HA-8160; ARKRAY, Inc., Kyoto, Japan) and by IA using another automated analyzer (JCA-BM6010; JEOL Ltd., Tokyo, Japan) that measured the FPG enzymatically.
We compared the distributions of data on HbA1c measured by HPLC and IA in the 27 participants. The Pearson correlation coefficient was calculated for the HbA1c values measured by each method. The paired t test was used to compare the HbA1c values determined by the two methods.
Results
The demographics and parameters of the 337 study participants grouped according to facility and year are shown in Table 1 . There were almost no differences within each year between the characteristics of the participants at each facility for age, proportion of males, BMI, and the proportion of participants using medication for DM. At both facilities, there were significant increases in the mean BMI and the proportion of participants on medication for DM from 2012 to 2013. Table 2 shows the mean ln(FPG) and HbA1c values in the participants grouped according to facility and year. Although the mean ln(FPG) level was significantly increased from 4.51 in 2012 to 4.54 in 2013 among the participants at facility 1, the mean HbA1c was significantly decreased from 5.83 % in 2012 to 5.50 % in 2013. Among the participants at facility 2, the mean HbA1c marginally but significantly increased from 5.77 % in 2012 to 5.89 % in 2013, while there were similar mean ln(FPG) levels for 2012 and 2013 (4.56 and 4.56). The 1-year change in ln(FPG) and HbA1c significantly differed between facilities 1 and 2 [P = 0.01 for ln(FPG), and P = 0.005 for HbA1c]. Notably, the two facilities showed opposite directions of one-year change in HbA1c.
The FPG category distribution (Table 3 ) was in accordance with symmetry (no significant alteration in tendency) at the two facilities. However, the HbA1c category distribution (Table 4 ) deviated significantly from symmetry at the two facilities (P \ 0.001 at facility 1, and P \ 0.001 at facility 2). Notably, the direction for the asymmetry was diverse between facilities 1 and 2. Although 40 (30 %) of the 135 participants at facility 2 were in the higher category in the follow-up year, there was only 1 (0.5 %) of the 202 participants at facility 1 in the higher category in the follow-up year. Conversely, the number of participants who were in the lower category in the following year were 117 (58 %) at facility 1 and just 9 (7 %) at facility 2.
When diabetic status was assessed according to FPG and HbA1c, the proportion of the 202 participants at facility 1 who were found to have normal glucose tolerance increased substantially from 19.8 % (n = 40) in 2012 to 61.4 % (n = 124) in 2013 (data not shown). On the other hand, the proportion of the 135 participants at facility 2 who were found to have normal glucose tolerance decreased slightly from 31.1 % (n = 42) in 2012 to 19.3 % (n = 26) in 2013 (data not shown).
Similar patterns were observed after excluding participants who were taking medication for DM in 2012 and/or 2013 (data not shown). 
Additional study
Among 27 healthy participants with a mean age of 36.1 years ( 
Discussion
We evaluated data on Japanese participants who underwent health checkups at two facilities in a rural town in Hokkaido, Japan, for two consecutive years. At the first facility, where the method used to measure HbA1c was changed from HPLC in the first year to IA in the second, we observed substantial decreases in the mean value of HbA1c and the prevalence of impaired glucose tolerance and DM despite a significant increase in BMI during the second year as compared to the first year. The other characteristics of the study participants at this facility that we extracted from the data were unlikely to be the cause of the improved diabetic status of the participants assessed. By contrast with the first facility, at the second facility, where HbA1c was measured by HPLC in both years, the mean HbA1c was marginally increased in the second year, although the increase in HbA1c was partly attributable to the increase in BMI. An additional study of healthy volunteers without DM demonstrated that the values of HbA1c measured by IA were significantly lower (by approximately 0.3 %) than those measured by HPLC, despite the high correlation between the values measured by these two methods. Taken together, the discrepant HbA1c values obtained by these two methods may have resulted in the misclassification of a considerable number of people who underwent health checkups for diabetic status. To the best of our knowledge, this is the first report to describe the influence of different methods for measuring HbA1c on the results of health checkups that a large number of Japanese people underwent. Some investigations have shown that HPLC and IA provide similar HbA1c values [7, 9] . Other investigations have found that these two methods provide discrepant HbA1c values. They reported that IA provides slightly lower (by approximately 0.2-0.3 %) HbA1c values than HPLC, even though the maintenance and calibration of the devices used for HbA1c measurement were performed appropriately [10] [11] [12] . The results of our study are in accordance with the results of those reports. In clinical practice, testing for HbA1c is mostly performed to assess the glycemic control of patients already diagnosed with DM, and physicians focus on each individual DM patient. Therefore, it may be true that the discrepancy between the HbA1c values provided by the two methods is negligibly small for clinical practice. However, our results suggest that this discrepancy is not negligible from the perspective of health checkups that are used to screen a population in order to identify patients who have DM or are at risk of it. Currently, the Japanese national government requires that all Japanese residents aged 40-74 years undergo an annual health assessment and attend a lifestyle modification educational program that focuses on metabolic syndrome [5, 6] . In this program, an individual is initially assessed according to the findings of a physical checkup and a questionnaire, and an FPG level C100 mg/dL and/or an HbA1c value C5.6 % (without specifying the method of measurement) is regarded as indicating an increased risk of lifestyle-related disease [6] . Depending on the individual's health risk, information on health, motivational advice for lifestyle modification, or an intensive lifestyle modification program is provided [6] . As our data show, most people who undergo health checkups have a normal or normalhigh HbA1c value (i.e., 5.0-5.9 %). Small variations in HbA1c level (e.g., 0.2-0.3 %) caused by the use of different methods of HbA1c measurement may result in a large number of people being categorized as having low or high levels of HbA1c. Some of those people might then be misclassified as having normal or impaired glucose tolerance, and the misclassification may result in a substantial increase or decrease in the number of people who require advice for lifestyle modification. Individuals might also be misclassified as having impaired glucose tolerance or DM, which might result in a substantial increase or decrease in the numbers of people who require frequent examinations and medical treatment for DM. An overestimation of impaired glucose tolerance and DM might increase the financial burden on insurance organizations as well as insurance beneficiaries. An underestimation might result in inadequate management of patients with impaired glucose tolerance and DM. Accordingly, our results provide important implications for the current public health strategy used in Japan. Furthermore, our data suggest that the lack of standardization of HbA1c measurement methods results in difficulties in evaluating individuals annually for changes in diabetic status and in comparing diabetic status among populations living in different regions.
This study has several limitations. First, the study participants were limited to National Health Insurance beneficiaries belonging to self-employed groups in a single rural area. The socioeconomic status and lifestyle of these beneficiaries may have had an effect on their health status, including diabetic status. Therefore, caution should be exercised when generalizing the results of our study. Second, there are other possible reasons for the interfacility difference in consecutive HbA1c levels than the adoption of IA at facility 1, although the data from the additional study that measured HbA1c in the same blood sample using the two different methods support our interpretation of the results from facility 1. The study participants included only those who underwent health checkups at the same facility for the two consecutive years; those who underwent health checkups at different facilities in the two consecutive years and those who underwent health checkups only in the first year were excluded. Those excluded people may have received different interventional lifestyle modification advice from the different facilities, which could also have affected the HbA1c in the second year among the study participants. In addition, any differences in sample conditions between the two facilities until the assay could affect the HbA1c measurement results.
In conclusion, the lack of standardization of the methods used to measure HbA1c may have a large effect on health checkups, resulting in the misclassification of a large number of people as having normal glucose tolerance, impaired glucose tolerance, or DM. If the data from health checkups show that the proportion of people who have normal glucose tolerance, impaired glucose tolerance, or DM has changed substantially, physicians and public health nurses should investigate whether the method used to measure HbA1c was changed from what was used previously.
